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DISCUSSION 

These calculations have shown that tnisclassificalion of smokers as nonrsmokors, 
coupled with beiwccn-spousc smoking habit concordance, may cause an apparent 
increase in risk of lung cancer among non-smokers married lo smokers similar to 
that observed cpidcmiologically. Several points arise: (a) the interviews were carried 
out in a non-emotivc, non-health context. In the cotininc study, the subjects were 
unaware their answers were going to be verified; (b) bias may arise because of 
misclassification for any reason. In (his study, data-liandling errors were minimised 
by careful processing; (c) the increased concordance for heavier smokers may ex¬ 
plain (he higher observed risk of lung cancer seen in non-smokers married lo heavy 
smokers; (d) in this study, for women, the increase in salivary cotininc associated 
with spouse smoking was about 0.2% of that associated with active smoking, mak¬ 
ing a 30°/o increase in lung cancer risk from passive smoking very unlikely. 

It is concluded that most or all of the apparently increased risk of lung cancer in 
self-reported non-smoking women married to smokers is attributable to bias. 
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SUMMARY 

The effects of selection, confounding, misclassification and hias must he eliminated Truiii case-comml 
studies of ‘passive smoking’ qnd lung cancer before a meaning hi I interpretation can be made. Mi\ 
classification includes the misclassification of the subject’s non smoking stains, pi the disease status or 
of the spouse’s smoking habits. This paper shows that inflation of the amount smoked by the husbands 
of female lung cancer eases may base accounted for the apparent dose*response’ relation'hips m t 
widely referenced case-control studies. 


INTERPRETATION OE CASEXONTROl. Kt SUI TS 

Much of the literature on the association of ’passive smoking* with limp cancer 
consists of case-control studies of non-smoking women in which exposure to en¬ 
vironmental lobacco smoke (ETS) from the husband's smoking is retrospectivclv 
estimated by interview of the subject or, if deceased, of a close relative or friend. 
Apparent ‘dose-response’ relationships are taken as supporting the claim ihat ex¬ 
posure to ETS increases the risk of lung cancer, i.e., a causal:interpretation. This 

♦ Presented at the International Experimental Toxicology Symposium oti Passive Smoking. October 
23-25, I9R6, Essen (I .R.(L). 

Any views expressed in this paper arc those of the author and not of (he organization board of the um- 
pnsiuin. 

Abbreviations: ETS, environmental tohaeco smoke. 
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paper considers I he contribution which differential misclassification of exposure 
mi eh! make to these results. 

Consider the stapes leading to a subject's enrolment in one of these studies. A sub¬ 
ject must first be a patient in the selected hospital or hospitals and .agree lo par¬ 
ticipate in the study. She must he listed in hospital records or tumor registries ns 
having been diagnosed with the index disease for eases or controls and must satisfy 
specified demographic criteria with regard to sex. age (possibly) and marital status. 
In addition, each potential subject must have been listed in hospital records as a 
non-smoker (Ij or he classified as one at interview (note that 40% of women with 
lung cancer, classified as ‘non-smokers’ in hospital records, had been smokers at 
some time or still were, whereas only 8.5% of non-smoking controls were similarly 
rnisclassified |lj). Next, the respondent must be selected. This may be the subject 
herself or her next of kin. The subject's exposure to ETS, usually from her husband, 
is estimated by interviewing the respondent. The interview may be structured and 
follow a carefully designed questionnaire or be relatively unstructured. 

Each of these stages presents an opportunity for selection bias and misclassifica¬ 
tion errors to occur. A case-control study of female lung cancer and exposure to 
ETS therefore presents ample opportunity for artifacts to generate statistically 
significant results. In addition, confounding may also mimic ‘dose-response’ 
effects. 

Biased selection of subjects and confounding 

Cases, defined as currently married lifelong nonsmoking female lung cancer pa¬ 
tients, are rare and are not typical of the population. Their ‘achieved St alas’ |2) and 
that of the controls may introduce selection bias into the study. In addition, hus¬ 
band’s smoking has been shown to be confounded with age, marital status, educa¬ 
tion, alcohol and marijuana use [3j. Husbands and wives share the same life style. 
ETS may therefore be a ‘marker’ for some other factor. 

Misclassification 

Misclassification of the subject’s diagnosis, her smoking status or of her ETS ex¬ 
posure may occur. Thus, Weiss (4) high lights misclassification of the subject’s 
disease status, her ETS exposure or both as possible explanations for the results 
found in the epidemiological literature. Misclassification has been shown to at¬ 
tenuate (i.c., underestimate) the true relative risk [5|. By converting to fixed end 
points, Kraemcr |6) has shown that this is true for all measures of association, when 
misclassification is randomly distributed. Such results assume, however, that the 
misclassification occurs at the same rale and in the same direction in cases and con- 
trbls. Misclassification of smoking wives as non-smokers is known to occur [7, 8). 
If the.wife of a smoker gives up smoking or denies smoking and is consequently 
rnisclassified as a non-smoker rather than an ex-smoker or current smoker, her 
subsequent lung cancer may be associated, in fact, with her smoking rather than 
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with her exposure lo her husband’s smoking. When hospital records arc used to 
classify subjects, .substantive misclassification is likely |*>|. It has been repotted |IO| 
that, since husbands and wives tend to share smoking habits, as little as 5% 
misclassification among eases can produce a risk ratio of 1.42 in the absence of any 
effects whatever from exposure to ambient tobacco smoke. 

Misclassification may also occur in classifying exposure to husband’s smoking, 
especially if the next of kin responds for a deceased subject (more likely for lung 
cancer cases than for controls). The respondent is not ‘blind’, i.c., the respondent 
knows whether the subject has or had lung cancer or the ‘control’ disease. In this 
situation it is postulated that a respondent will tend to inflate the amount smoked 
by the husband for eases, but not for controls. This is called ‘differential 
misclassification’. As epidemiologists have long recognised, ‘when differential 
misclassification occurs (as in selective recall in case-control studies) the bias can be 
in either direction and can be great’ |ll). 

METHODS 

In the following we estimate the amount of differential misclassification required 
to mimic the reported results in 3 studies. It is noteworthy that in no study to date 
has the ETS exposure been measured directly. Rather, a coarse grouping of the 
amount smoked by the husband is used. This classification is derived from a respon¬ 
dent’s answers to questions on the husband's long-term smoking habits, and is. in 
fact, only weakly associated with the ETS exposure of the non-smoking wife. In 
fact, 47% of currently non-smoking wjvcs of smokers report less than I h pci week 
ETS exposure in the home (3). 

The estimation of differential misclassification rates from ease control studies rc^ 
quires an assumption to reduce the number of parameters. Wo assume that the 
classification of a ease’s ‘exposure’ is biased upwards and that there is no 
misclassification among controls. Here the husband’s smoking habits arc catcgori/ : 
cd so that i- 0 represents a non-smoker, / = I a light, occasional or ex smoker and 
increasing amounts of smoking. Now let P,f), represent the proportion of 
eases and controls, respectively, where the husband’s smoking level is classified ns 
/ = 0,1 to /«, so that 

E/>, = L/>, = I 

Then, if N.n arc the number of cases and controls in the study, respectively, a 
regular ‘dose-response* relationship between husband’s smoking classification anti 
lung cancer will have proportions PiP f /hf>, such that, for all / < j, 

Pi Pj 
< 

Pi Pj 

Because individual eases are at risk of being rnisclassified. discrete steps of \/N are 
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taken iteratively to fiiul the minimum misclassifieation rale which will reproduce the 
‘dose-response’ relationship reported in an individual study. The inisclassiric.ilion 
rates given below arc found by reducing the exposure classification one case at a 
time until P, ~ p, for all /, to the extent possible with discrete data. 

Rt-SULTS 

3 case-control studies |1, 12, I3| report statistically significant trends in non¬ 
smoking women with lung cancer as the husband’s reported smoking classification 
increases. 

Thus, Garfinkel el al. {1J give a progression of odds ratios of 1.00, 1.15, 1.08 and 
2.11 for 134 eases and 402 controls reportedly exposed to 0, < 10, 10-20 and >20 
cigarcttcs/day smoked by the husband al home. Pooling the intermediate categories 
gives increasing odds ratios of 1.00, 1.14 and 2.11 for exposures to 0, I-19 (where 
1-19 includes pipe or cigar) and >20 cigaretlcs/day. Correa et al. [13] give odds 
ratios of 1.00, 1.18 and 3.52 for reported exposures to 0, 1-40, and >40 pack:years 
smoked by the husband for 22 eases and for 133 controls. Trichopoulos et al. |I2| 
give odds ratios of 1.00, 1.76 and 2.65 for the 3 exposure categories (non-, former 
and current smoker) in 40 eases and 149 controls. 

Given the assumptions discussed above, GarfinkePs results can arise if 17 of the 
husbands of his 134 eases arc misclnssificd upwards, a ease misclassifieation rale of 
13%. Correa’s results can arise if 9 of his 22 eases’ husbands are misclassificd, a 
case misclassifieation rate of 41 %. For Trichopoulos, the reported trend could have 
arisen from a case misclassifieation rate of 40%, i.c,, if 16 of 40 eases' .husbands 
were misclassificd upwards. Because of the relatively larger number of eases in the 
first study 11), the overall ease misclassifieation rate in the three studies required to 
reproduce the quoted results is 21%. 

Although misclassifieation of exposure among cases has a disproportionate effect 
on the findings of these studies, another approach is to assume that the rates of 
misclassifieation arc equal in eases and controls but in different directions. With ibis 
assumption, Garfinkcl’s results (I) can arise from a subject differential 
misclassifieation rate of 7%. Likewise, Correa’s findings 113J may have arisen from 
a subject differential misclassifieation rate of 19%. A 20% overall differential 
misclassifieation rate will account for the trends reported by Trichopoulos in Tables 
2 and 3 of his paper {12). 

DISCUSSION 

The findings of 3 ease-control studies of lung cancer which show significant 
trends with ‘exposure’ to ETS can be generated by postulating differential 
misclassifieation of case exposure in the range of 13-40%. The significance of this 
finding rests on the validity of the underlying assumptions used in deriving these 
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rates of ease or subject misclassifieation. 

That misclassifieation exists in these studies is now widely accepted [3, 4. 9. 
14-17|. In general, respondents arc more likely to falsely inflate exposure if the ease 
died of cancer than of some other disease 118]. 

More particularly, there is indirect evidence for the presence and effect of dif¬ 
ferential misclassifieation of exposure to ETS. For example, Garfinkel et al |l| 
show that the effect of ETS exposure at home is null (an odds ratio of I) when the 
ease or her husband is the respondent; however, this null result is converted into an 
odds ralio of 3 when the son or daughter is the respondent. 

Again, Table 3 of 115J suggests that differential misclassifieation may exist. This 
shows that 4 of 16 spouses of lung cancer eases (25%) contradicted the case by 
describing themselves as smokers whereas only I in 41 (2%) spouses of matched con¬ 
trols contradicted the control by describing themselves as smokers. Here there are 
two possible explanations. Either the ease has denied her husband’s smoking, or the 
husband has exaggerated his own smoking. In practice there is likely to be some 
behavior of each type. We assume however that this situation is indicative of infla¬ 
tion of tlie amount smoked by the husband when the case is the respondent. 

The most recent case-control study of ETS and lung cancer |I5|, one which went 
to some pains to verify exposure classification, provided evidence suggesting a case 
misclassifieation rate of exposure as high as 25%. This figure may be compared to 
the 21% overall case misclassifieation rate required to produce the results in the 3 
studies under review. Both figures may in turn be compared with a misclassifieation 
rate of 15% which Lcl/.cl and Johnson (19J found was required to invalidate a case- 
control study of ETS. 

In summary, when a spouse's smoking status is used to estimate a nomsmoker's 
ETS exposure, ' a considerable amount of misclassifieation’ |3| may result. Since 
selection bias and confounding must also be considered, extreme caution is requited 
in the interpretation of these studies. This is especially so when the literature as a 
whole contains several studies reporting no significant association between MTS ex¬ 
posure and lung cancer (15, 16, 20), as well as various inconsistencies, both among 
and within studies. 

ACKNOWl.ni>Gf‘Mt:NTS 

Dr. Nancy Balter is thanked for her critiques and suggestions. The views in (his 
paper arc however those of the author alone. The author gratefully acknowledges 
partial support from the Tobacco Institute in the form of a grant to Virginia Com¬ 
monwealth University. 

RlilTiRllNCES 

I t.. Garfinkel, (). Auerbach and I.. Jmibcrl, Involuntary smoking and lung cancer: a case ciuiinit 

study, JNC'I 75 (1985) *463-469. 


semeezoj: 


Source: https://www.industrydocuments.ucsf.edu/docs/pgvj0000 



168 

2 S. Graham and R. Graham-Tomas, Achieved slatus ns a risk factor in epidemiology, Am. J. 
I pulcminl. Ill (1985) 55)-558. 

) G.D. I licdnun. D M. iVlilli and K.l). Itawnl, I’tevalcucc and cot relates of passive smoking. Am. 
I Pnhl. 11 cal ih, 7) (1'JtS t> ini 105. 

4 S.T. Weiss, Passive smokingami lung cancer. Wind is I lie risk? Am. Kev. Kcsp. I)is. I)) (1986) l-3. 

5 I) Ciladcn and W..I. Kogan, Misclassilicaiion and Ihc ilcsign of environmental studies. Am. J. 

1 pidcmiol. IfW ( 197 'l| 60 ? : 6 I 6 . 

6 I l.t‘. kracmer, The robustness of common measures of 2x2 association lo bias due to misclassilica- 
lions. Am. Slat. 39 (1985) 286-2*81. 

? M R. Aldcrson. P.N. I.ee and K. Wang. Hisk of lung cancer, chronic bronchitis, ischaemic heart 
disease, and stroke in relation lo type of cigarette smoked, passive smoking ami other factors. Report 
v.il. I Test p. 94 (19861. 

8 C\ Vuiuc, Quantitative aspects oT passive smoking and lung cancer, Prev. Med. (1984) I ). 698-704 

9 H. Gcllband, II. (.arson and K. Is rones bn sell. Passive smoking in lire workplace: selected issues. Of¬ 
fice of Technology Assessment Staff Paper (1986) May. 

10 I’. I.ee, p,7)J ol (i. Lclmcrl, Komultable Discussion, Prev. Med., 1.4 (1984) 740-746. 

11 K I Copeland, II. Shcckoway, A.J. McMicliael and R llnlbrnnk, Mias due lo misclassilicaiion in 
the estimation of relative risk. Am. J. Epidemiol , 105 (1977) 488-495. 

12 I) Trichoponlos, A. Kalnndidi, I.. Sparros and II, MueMahon, l.ung cancer and passive smoking, 
Ini. J. Cancer, 27 (1981) 1-4. 

13 I’. Correa. L.W. Pickle. I l orhain, Y. I in and Maenszel, Passive smoking and lung cancer, l ancet. 

2 (1983) 595-597. 

14 It. O/kaynnk, Mias due lo misclassificalion of personal exposures in epidemiologic studies of indoor 
and outdoor air pollution. Proc. Ini. Coni. Indoor Air Quality and Climate, 2 (1984) 377-384, 

15 P.N. I.ee, J, Chamberlain and M.k. Aldcrson, Relationship of passive smoking lo risk of lung cancer 
and other smoking-associated diseases, Br. J. Cancer, 54 (1986) 97-105. 

16 C» C. kahat ami II.L. Wyndcr, Patterns of exposure to environmental tobacco smoke in a group of 
hospitalized patients, Proc. Air Pollution Control Assoc. 79th. Annu. Meet., Minneapolis, June 
22-27. 1986. 

17 N. Wald, Personal communication. 

18 E. R. Greenberg. B. Rosner, C.H. I lennekens, R. Rinsky and T. Colton, An investigation of bias in 
a study of nuclear shipyard workers, Am. J. Epidemiol. 121 (1985) 301-308. 

19 H.W. Petrel and E. Clark Johnson, The extent oT passive smoking in the Federal Republic of Ger¬ 
many. Prev. Med.. 1.1 (1984) 717-729. 

20 I..C. Koo, J It. I In and D. Saw, Is passive smoking an added risk factor for lung cancer in Chinese 
women? J. Exp Clin. Cancer Res. 3 (1984) 277-283. 


6CCCISCZ0Z 


Source: 


I 


PROGRESS IN 

MEDICINAL 

CHEMISTRY 

edited by G. P. Ellis and G. B. West 


VOLUME 23 


this volt inn-1 omjirisev mi reviews 
written by rijn-iis in thru various 
fields n Adietiorei.oplnr anluvmiusls 
.irnliM tissril m relalinn lo df.ihelns, 
hypertension .mil depression. .mil i:e|| 
mm Lint ret eplurs oft* invest ii*,ilrd. 
iilmm mill structural features of CNS 
times, transmilirfs itml [leptldrs lhn 
liHilugical anti t.hrmif.ul aspects ol neiv 
antidepressant drugs art* revirtvrd 
Dll’ actum ol acyclovir against lt«-i |m>s 
I s survcyril. and Hut volume closes 
with lh<: lirst detailed r I esc it pi inn ol rhr 
•mtihliHicund probable anti tumour 
agent, s|iatsuinycin Comprehensive 
treatment ill highly relevant loptcs 
remains ihe hallmark ol ihis most 
enlightening senes 

rnNU NTS 1 ‘O-Lur I I’harma, nlwv and 
Rim* hid’-At loily Rel,lhonvtO|» III >t • 
•itlit-nom cpfor Ar»lai;oiii'Us tK it (.lurk. 

A I) Mu hftuthl K I lUiiOoet 2 
K.iihtilliMnd Riii'|it«ir Hint hot; in 
M<■ iid>r.inr Rei eptia Kev.in h l.lf Cm tman 
Kt/nitl t Common Sim*lur.d IV.ihiri-s id 
• hints. iMnsiiiillfrs iiimI IVpndes in the 
Cetitf.it Neivon>Svslf in II' K Antin g unit 
I I fltviIt 4 Re«nil i'untu‘os in ihe 
Iti yflnpim-ni nl Non Aniidepresviitt Dii^ 
IS / A ol led. S (.henintlii-t.i|teol«i Agenis 
lot I Icrpfsvinis Inlet hulls ft. fbi hti ■; mid 
It r Wulkrtl ti Clieiiiff at iind lliolnitK ,i| 

A'pei Is nl S|kirsnmvi;in. an Anldiiotn (min 
Stit jrinmyi III i. j IttU nhritw. | ,1 (. At 
I 7 UI tit’ll llftwk, / l’ ti flttlh '.tti mut / 

/.ylh /.l In*lei Author Index iVots I 231 
SutnmT Imtf * IVots » Mi 


low. viii • imio-s 
I'm r ns S W> ini Dtl 7|f, 

ISIIN li 111 homo ■ 7 


Previous Volumes in 
the serins 

VOLUME 22 

to this volume an* presented seven 
review* cove it tig a wide i.mgr ol 
siihito.ts I In- f.-nucleuslili-s. m 
parlicillar f.' arylutyciiMdi; anlildollcs. 
art* disf.llssrit. as an* the pnssititr 
tuni lion ol 4 .imlnuhutyrii: arid as an 
Inhihiioiy neurolransmiUer and te< nil 
resran.ti liilo |'>-adtoni-tv;M: |do< kuu; 
iigonls Ftnlidomidi*. tlrspih' its tr.ntic 
history. ts sldl ut i onsitlrt.ililir mteiesi 
fur ltu< IftMloienl cf Irprosy and skin 
lusiuns A luillior rliapler rrvirivs 
rt*t.fin ivurk in India Cholim:rcii:- 
hisi.uuim mu, mirf.ii Him is piutM-tl. 
and nriv a|i|iriM< lies hi liioi.hinld.iliir 
and •mtiailiocic drug lltrrapv an- 
desi.rtl'i'il The ImniI i.t»n-l iii itr,i 
lasnn.iiinu addilmn to a must valu.ildt: 


(.ONlt.MtS rrelarr I The C.lieniisiry ,ou 
ItiiH heini'Ov nl Nut loiiMiles anti f. 
Aivli:ly< iiMiles ill Ihnutt, It lt,nv 

III l ll« Icon v* In An jh nines r.t t .AHA 
Che inis Oy Molri itlat I'h.irtiiiii otocy amt 
thet.l|N-ulii AsjifO.is If* kn^ymifd Intern 
t. tilli ti i lift*/ II llfthl. A Ret ml Alls,int t;s 
»n|t A tl retie I ism. Him krni{ Alien Is III f. 


\hiitj tilitl It tin it ii | I liali.li>if■ ii| 
I iilif.i Oels ,|S \|i|i inlj.ntiiii ilmv \i 
ill I. A.> ht . \l. .tu ..t il i 0. mean 
Kfsi ,ih li in India til Srnidi l S r 
find I K kiiftimill l> | lie Riddle ol 
t.lilllinellOi lie.) Illllllf ¥> I*Il.it. 
tills (/ A».i on k' Imtl.’.- t I tn.ni 
Unoi. ttesi hi inul V I \i,iim,nnnn . 
Jt'l'fii-e tie . lo |lnini ItMildaim ai|d 
Anhattefisii Dun; I In r.i|n-r-l / /. ii 

Wifsir / ( triifii; tun/ 1‘. f \il\tti it ii 
A ulhof 11 id. \ iVnls | ;vi sidue,' I 
iV..|. I "i 

I'Ut'i nil 1 Cl. (laces 
I’m1 '*• 5 l/o ini [*|i 77oon 

ISBN Hill WM.I.M ; 


VOLUME 21 

I'm I v in • " 1 )ju,;e 
I'll- 1 - t'S 5 lie, HO D 

ts|IN 0 I | | HIM II l • 

VOEUME 20 


VOLUME 111 

l‘W.: VIII* i |l. 11. MJ1 S 

I’or e I’s 5 I It OO I H| ’M 111 
(MIN O 111 will '. \ 

VOLUME Ifl 

ton I 10 • 7 III p.u;e* 

I'm.i- lis S At ini DO |R7 imi 
ISBN ti ut wi.tr, u 


ELSEVIER 


ELSEVIF.R SCIENCE PUIII.1SIICRS 
P() Box 211, I0U0AI. Amslrrctarn. Iho Netherlands 
... . Distributor In the U S A and Canada 

flSrVir.R S(JI.N(.r. PUni.lSIIINC. CO. INt*. I'll Box ttif*.). Grand Gen I rut Station. Ne*y York NY 10161 no?H USA 

The Owl h Kinktrt pt*r h ikllniltyr (IK I fith .s s.r sirf^sf h. ruhtliigt Oil,- flu, ttMlliis I'me m, . „ I ft fit k„ /sa. s . ,, 



